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Optical antennas are in the focus of controlling optical transitions in matter. In the form of 
nanoparticle coated tips or tip-supported probes, optical antennas can be exploited to provide 
localized information with enhanced sensitivity. The optical response of molecules coupled to an 
optical antenna depends on its properties, i.e. the electronic structure and on the provided local 
density of states, accounting for the electromagnetic field enhancement and the dissipative yield 
of the antenna. In this context, the nanoscale morphology of an antenna is essential to 
understand plasmon mode coupling in complex antenna structures. A correlative approach, 
which e.g. combines dark-field spectroscopy and high-resolution transmission electron 
microscopy on individual antennas, is applied to obtain multimodal information. These enable 
evaluating the influence of the nanoscale gap morphology, i.e. the influence of the orientation of 
crystal facets in the gap structures [1]. Different types of antennas formed by Au and Ag 
nanoparticles are considered. Monomeric and self-similar nanoparticle antennas [2] and hybrid 
core satellite [3] structures are exploited for the manipulation of optical transitions in organic 
materials, i.e. for antenna-enhanced luminescence investigations and chemical fingerprinting by 
metal-enhanced Raman spectroscopy. Materials addressed by means of the antennas include 
organic molecules with charge transfer states [4] (s.f. Figure 1), coupled, energy-exchanging 
molecules, polymers and proteins. Tip-supported antennas are applied to study the heterogeneity 
of these quantum emitters in solid state and the structure of polymer nanoparticles. Hybrid 
polymer core satellite structures are also used as building blocks for the formation of crystal-like 
3D structures as SERS platforms with tunable plasmonic properties. 
 

 
Fig 1: Antenna-enhanced microscopy (A) and spectroscopy (B,C) of individual Ru2+-bis-
terpyridine complexes in the solid state. Two molecular conformations are identified. 
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